applications.
Here it is shown that MREs can be readily generated from water and oil mixtures using surfactants only: the key is to employ new magneto-surfactants (MagSurfs, Figure 1 ) 2 . Owing to adsorption and aggregation properties of surfactants these MagSurfs allow control of physico-chemical properties non- 25 invasively and reversibly, by simple use of external fields 2 , opening up new possibilities for control over interfaces, dispersions, colloids and nanoparticles. The field effects seen on these responsive emulsions suggest applications from environmental cleanup, water treatment, separation and enhanced 30 oil recovery 3 , through to emulsion-templating 4 , catalysis 5 , microfluidics, nanomedicine and targeted drug delivery 6 . In addition, nanoparticle-free magnetic foams, aerosols, gels and microemulsions are accessible for applications in mineral separation by magnetic froth floatation 7 , or magnetic drug 35 delivery 8 . Importantly, the MagSurfs are readily recovered, beneficial in environmental remediation and clean-up.
A Gd(III)-containing surfactant (DTAG) ( Figure 1 ) and a related high-spin Fe(III)-based analogue (DTAF) 2 were synthesised, UV-vis spectroscopy for DTAF being consistent 40 with the proposed structure. The DTAG offers greater responsivity owing to a higher effective magnetic moment (spin only) of Gd (III) compared to high-spin Fe (III) (7.94 B.M and 5.92 B.M. respectively 9 ). Polarizing light microscopy (PLM) textures show that MagSurfs form dilute isotropic and 45 concentrated liquid crystalline mesophases, just as for regular surfactants, such as the analogue DTAB 10 . Similarly, in dilute aqueous solutions MagSurfs lower surface tension γ, just as for normal surfactants. Interestingly, because these MagSurfs are inherently paramagnetic they exhibit pronounced magnetically-50 induced reductions in γ, which are not seen for the inert DTAB ( Figure S4 , Supporting Information). Electrical conductivity studies are consistent with charged micelle formation with the MagSurfs. Magneto-responsive emulsions (MREs) were made using the MagSurfs at 16.5 wt% (volume fraction φ 0.123) a cosurfactant, TritonX-100 9.7wt% (φ = 0.094) and 7.8 wt% pure dodecane (φ = 0.104), or a commercial lubricant oil (φ = 0.093) 60 (Table S3 and S4, Supporting Information). Emulsions were also made in brine (Table S5 , Supporting Information), therefore demonstrating not only proof of principle but also showing how they may be prepared and implemented for applications involving sea water, outside of the laboratory. Emulsions do form without 65 co-surfactant, but are less stable separating over hours rather than days. A further benefit of co-surfactant is that MagSurf levels can be minimized, whilst still retaining magnetic responsivity. More concentrated MREs at 41 wt% DTAG (φ = 0.34) indicate emulsion stability to composition variation at constant oil (7.8 can be seen, introducing a small-sized magnet overcomes both gravity and water-oil interfacial tension (ca. 50 mN m -1 ), pulling the lower MREs through the upper oil phase. Furthermore, Figure  2 also shows an MRE being "levitated" through air using a strong rod magnet. The magnet is static, but after ~ 10 s in the field the 80 emulsion begins to dimple in high flux regions, 10 s later the viscous emulsion has jumped the gap owing to strong magnetic attraction. Figure 3 shows the control of a DTAG oil in water emulsion droplet with a magnet. This droplet overcomes both gravity and an effective "flow" of solvent. It has been reported that a magnet 10 field strength of 0.2 -0.7 T is needed to efficiently capture particles and control and emulsion flowing in blood vessels. 11 Here, the magnetic field density on the inside of the tubing is estimated to be in the required range ~0.37 T, indicating the suitability of these systems for nanomedical applications. 15 Figure 3 . Effect of a magnetic field (0.37 T) on a DTAG based emulsion droplet (dyed with methylene blue for visualization) in a dodecane background. DTAG (50 wt%) oil (dodecane, 10 wt%). The droplet is pulled against gravity and viscosity of the dodecane fluid (picture 1 -4). Once the magnet is removed 20 (picture 5) gravity causes the droplet to flow back down the tube.
Conclusions
Control of emulsion size and shape, as well as physicochemical properties through appropriate surfactant selection is well established, these principles can be applied to generate other 25 kinds of MREs from MagSurfs. Compared to nanoparticlestabilized magnetic emulsions 1 Surface tensions between aqueous surfactant solutions and air were performed at 25 ± 1 °C ( Figure S3 ), As expected for emulsions stabilized by cationic surfactants, the zeta potentials of the studied emulsions 141 were all determined as positive, between +20 and + 35 mV, hence explaining the observed stabilities. 
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